On July 23, 2014, the FDA granted accelerated approval to idelalisib (ZYDELIG® tablets, Gilead Sciences, Inc.) for the treatment of patients with relapsed follicular B-cell non-Hodgkin lymphoma (FL) or relapsed small lymphocytic lymphoma (SLL) who have received at least two prior systemic therapies. In a multi-center, single-arm trial, 123 patients with relapsed indolent non-Hodgkin lymphomas (NHL) received idelalisib 150 mg orally twice daily. In patients with FL, the overall response rate (ORR) was 54% and the median duration of response (DOR) was not evaluable; median follow-up was 8.1 months. In patients with SLL, the ORR was 58% and the median DOR was 11.9 months. One-half of patients experienced a serious adverse reaction of pneumonia, pyrexia, sepsis, febrile neutropenia, diarrhea, or pneumonitis. Other common adverse reactions were abdominal pain, nausea, fatigue, cough, dyspnea, and rash. Common treatment-emergent laboratory abnormalities were elevations in ALT, AST, GGT, absolute lymphocytes, and triglycerides. Continued approval may be contingent upon verification of clinical benefit in confirmatory trials.
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Introduction
Although there are several active combinations of cytotoxic chemotherapeutics or radioimmunotherapeutics that can be used for treatment of relapsed follicular lymphoma (FL) or small lymphocytic lymphoma (SLL)/chronic lymphocytic leukemia (CLL), response rates range from 40% to 90% with varying durations of response (1, 2) . Moreover, repeated administration of intravenous combination chemotherapy is associated with myelosuppression that may limit the amount of treatment that can be given. Therapies currently used for the treatment of patients with relapsed FL or SLL/CLL include single-agent rituximab or combination regimens, e.g., bendamustine, rituximab (BR); rituximab, cyclophosphamide, doxorubicin hydrochloride, vincristine sulfate, prednisone (R-CHOP); rituximab, cyclophosphamide, vincristine sulfate, prednisone, (RCVP) (3). SEER 5-year relative survival for patients with FL and SLL/CLL is estimated to be 86% and 79%, respectively (4) . Response rates for regulatory drug approvals in these patient populations range from about 50 to 80% (5, 6, 7) .
Kinases in the B-cell receptor (BCR) signaling pathway are reasonable targets for treatment in FL and SLL. Phophatidylinositol-3 kinases (PI3K) are intracellular signal transducer enzymes that are essential for many cellular functions. The delta isoform is generally restricted to hematopoietic cell types.
Upon activation via cell surface receptor-ligand interactions, PI3Kδ phosphorylates the second messenger phosphatidylinositol to generate phosphatidylinositol 3,4,5, trisphosphate (PIP3). PIP3 enables the transmission of cell surface receptor signaling by acting as a scaffold for the recruitment and activation of numerous intracellular signaling enzymes including the serine/threonine protein kinase Akt. Akt is an initiator of specific pathways that ultimately mediate positive pleotropic effects on cell survival, proliferation, growth, and metabolism. PI3Kδ is a signaling molecule in normal and malignant B-lymphocytes (8, 9) . PI3Kδ is involved in several signaling pathways such as the B-cell receptor, CD40, B-cell activating factor receptor, chemokine receptors CXCR4 and CXCR5, IL-6 receptor, and integrins. These pathways may be involved in B-cell proliferation, motility, and in homing to and maintenance of the tumor microenvironment in B-cell malignancies (10).
Herein we provide a summary of the FDA review and approval of the marketing application for idelalisib as single-agent therapy of FL and SLL. Reported elsewhere is the FDA review of the marketing application for idelalisib for CLL (11) . Following oral administration of idelalisib, the median time to maximal concentration was 1.5 hours under fasted conditions. Dose-dependent absorption was observed, but food effects were not significant. The population apparent central volume of distribution at steady state was 23 L.
Idelalisib is metabolized via aldehyde oxidase and CYP3A and to a minor extent by UGT1A4. The population apparent systemic clearance of idelalisib at steady-state was 14.9 L/hr, and the population terminal elimination half-life was 8.2 hrs. The population terminal elimination half-life of GS-563117 was 11.6 hrs. A mass balance study with a single 150 mg dose of [ 14 C]-labeled idelalisib showed that 78% and 14% of the radioactivity was excreted in feces and urine, respectively. The metabolite GS-563117 accounted for 49% of the radioactivity in the urine and 44% in the feces.
Idelalisib exposure increased in a less than dose proportional manner with doses up to 350 mg. In a population pharmacokinetics analysis, age, gender, race and weight had no effect on exposure. The mean AUC increased up to 1.7-fold in patients with elevated ALT, AST or total bilirubin (Child-Pugh class A and B). Hepatic impairment increased exposure regardless of the degree of impairment. In studies of volunteers with renal impairment, there was no substantial change in exposure when the creatinine clearance was > 15 mL/min.
Potential for Drug-Drug Interactions
Drugs affecting idelalisib exposure CYP3A can metabolize idelalisib. In healthy volunteers, rifampin (a strong inducer of CYP3A) decreased the idelalisib AUC by 75%; ketoconazole (a strong inhibitor of CYP3A) increased the idelalisib AUC by 1.8-fold. Idelalisib or its metabolite inhibited CYP3A, CYP2C19, P-glycoprotein (P-gp), OATP1B1 and OATP1B3 in vitro. In healthy volunteers, idelalisib increased midazolam (CYP3A substrate) AUC by 5.4-fold, but no changes in exposure to rosuvastatin (OAT1B1 and OATP1B3 substrate) or digoxin (P-gp substrate) were observed. There was no formal study of the effect of idelalisib on a CYP2C19 substrate in vivo.
Effects of idelalisib on other drugs

Assessment of Efficacy Clinical trial overview
Study 101-09 was an international multi-center, single-arm, open-label trial of idelalisib monotherapy for treatment of relapsed indolent non-Hodgkin lymphoma (12) . Eligible patients had received at least 2 prior systemic therapies, including rituximab and an alkylating agent.
Study subjects were treated with idelalisib 150 mg orally twice daily with dose reductions allowed for toxicity. The starting dose was determined by the results of a Phase 1 study with a dose expansion phase designed to allow no more than 25% dose-limiting toxicity (13) . Treatment was to continue until disease progression or intolerable toxicity at the lowest pre-specified dose level. The primary efficacy endpoint was overall response rate (ORR) defined as complete (CR) or partial (PR) response; determination of response or progression was defined using the 2007
International Harmonization Project criteria (14) . Imaging and laboratory assessments for efficacy were performed at baseline and every 8 to 12 weeks, and responses were assessed by a blinded independent review committee. 
follow-up on study was 8 months. Thirty-two percent of patients were still on therapy and 68% had discontinued. The most common reasons for early discontinuation were lack of efficacy (36%) and adverse event (21%).
Given the small number and heterogeneity of patients with MZL and LPL in the study, there was insufficient data to support a meaningful analysis of efficacy for treatment of these patients.
From the phase 1 dose-escalation trial, the maximum tolerated dose was not defined during the 28-day dose-limiting toxicity (DLT) observation period. Up to 25% DLT was allowed in the expansion phase of the trial. In patients with indolent lymphomas treated at the dosing regimen used in the trial, the ORR was 20%.
Efficacy in patients with FL
The demographic characteristics of the 72 subjects with FL are shown in Table 1 ). Extranodal organs (33%) or marrow (26%) were involved in a minority of subjects. The median time from diagnosis was 5 yrs. The most common prior treatments were R-CHOP, BR, and R-CVP; 38% had received radiation and 15% had prior stem cell transplantation. Outcomes are shown in Table 2 . A CR or PR was achieved by 54% (95% CI, 42-66%). Complete responses occurred in only 8% of the patients. Only 12 responders subsequently had progressive disease by the data cut-off date. The median duration of response could not be calculated, but follow-up of patients with continuing response is short (median, 8 months).
Efficacy in patients with SLL
The demographic characteristics of the 26 subjects with SLL are shown in Table 1 of patients (85%). The median time from diagnosis was 7 years. The most common prior treatments were BR, FCR, and R-CHOP. A CR or PR was achieved by 58% (95% CI, 37-77%).
All of the responses were partial, and the median duration of response was 12 mos.
Assessment of Safety
Nonclinical toxicology
Nonclinical toxicology studies of idelalisib were conducted in rats and dogs. The duration of drug administration in the studies ranged over 4 to 39 weeks. Inflammation was observed in several tissues, including the GI tract, pancreas, lungs, heart, and liver. Target organs for toxicity of idelalisib included the hematopoietic and lymphoid systems (lymphoid depletion, reduced weight of spleen and thymus, thymic hemorrhage and necrosis, myeloid and granulopoietic hyperplasia), liver (increased liver enzymes, increased liver weight, inflammation, hepatocellular necrosis), gastrointestinal tract (infiltration, hemorrhage, ulceration), heart (myocardium infiltrate, fibrosis, increased heart weight in rats only), skin (erythema, dryness, swelling, and redness), and male reproductive systems (testicular seminiferous tubule degeneration, reduced testicular weight). Additional studies showed that idelalisib was genotoxic and teratogenic.
Significant safety events in the treated population
The safety of idelalisib was evaluated in 354 adults with hematological malignancies treated with various dose-schedules of idelalisib monotherapy in Phase 1 or 2 trials. Less than half of the subjects were treated for more than 6 months. An additional 300 subjects without malignancies were treated in studies of pharmacokinetics and drug-drug interactions. The serious and/or fatal adverse drug reactions identified included hepatotoxicity (including 3 potential Hy's law cases), diarrhea or colitis, intestinal perforation, pneumonitis, neutropenia, and tumor lysis syndrome. Fatal events considered at least possibly related to idelalisib included infection with neutropenia, sudden death, respiratory failure, tumor lysis syndrome, and enteropathy.
Biopsy reports were available for several subjects with suspected adverse reactions. A liver biopsy in a healthy volunteer with elevated transaminases showed a granulomatous-type hepatitis with portal mixed-cellular infiltrates. Lower GI biopsies from 9 subjects with diarrhea showed cryptitis, crypt abscesses, crypt loss, and apoptotic cells with or without crypt distortion.
Skin biopsies from 3 subjects with rash showed a perivascular and interstitial dermal infiltrate of lymphocytes and eosinophils with or without epidermal spongiosis. Lung biopsies from 5 subjects with pneumonitis and no infectious etiology showed organizing pneumonia. In addition, one of the lung biopsy reports noted acute inflammation, one had a mononuclear infiltrate with scattered eosinophils and poorly formed granulomata, and one had a mixed interstitial infiltrate with eosinophils and reactive pneumocytes.
Adverse events in patients with indolent lymphoma
Common adverse events were reviewed for all 146 subjects with indolent lymphoma (FL, SLL, MZL and LPL) treated with idelalisib 150 mg orally twice daily in Phase 1 and 2 studies. The median duration of treatment was 6 months (range <1 to 26 months). An adverse event was the cause of treatment interruption or permanent discontinuation for 80 (55%) subjects. The most common reasons for interruption or discontinuation were diarrhea (11%), pneumonia (11%), and elevated transaminases (10%). Table 3 shows the common treatment-emergent adverse reactions and laboratory abnormalities in the subjects with indolent lymphoma. Diarrhea, fatigue, nausea, cough, pyrexia, abdominal pain and pneumonia of any grade occurred in ≥25% of the subjects. Grade >3 diarrhea and pneumonia occurred in more than 10% of the subjects. Because it was not always possible to clearly determine the etiology of the pneumonia, the grouped term pneumonia included infectious and potentially drug-related pneumonitis (see Supplementary Table S1 ). The most common grade >3 laboratory abnormalities were neutropenia and elevated transaminases.
The maximal ALT elevation was grade 1 for 29% of the subjects, grade 2 for 4%, grade 3 for 14% and grade 4 for 5%.
Discussion
No curative treatment exists for relapsed FL and SLL. The standard of care for patients with symptoms is to administer cytoreductive therapies repeatedly until resistant disease occurs.
Effective new agents are needed to manage these malignancies. In Study 101-09, the objective response rates were clinically meaningful for the patient with limited or no other treatment options. However, because the single-arm trial was small with limited long-term follow-up, idelalisib was granted accelerated approval. Subpart H regulations, first implemented in 1992 and most recently renewed in 2012, allow an 'accelerated' marketing approval for a new drug product provided that it shows a meaningful therapeutic benefit over existing treatments for use in a serious or life-threatening disease or condition (15) . This form of approval is subject to the requirement that the applicant study the drug further to verify and describe its clinical benefit.
The FDA review of all available idelalisib safety data revealed several serious risks, including fatal events. The risks were moderated in part by close monitoring and dose interruption and/or dose reduction for toxicities, a strategy that will be needed for safe use of the drug in practice. Because of this, a risk evaluation and mitigation strategy (REMS) was required, consisting of a communication plan to inform healthcare professionals about the risks and management of hepatotoxicity, diarrhea and colitis, rash, and pneumonitis in patients taking idelalisib. In addition, a Medication Guide was written in lay language to inform and educate In the patients with indolent lymphoma treated with the approved dose-schedule of idelalisib, the most common adverse reactions and laboratory abnormalities affected a range of organs ( Table 3 ). Considering that expression of PI3K-δ is limited largely to leukocytes, the breadth of the toxicity profile was unexpected. Biopsy results, including those from patients with pneumonitis with no other etiology evident, are consistent at least in part with an inflammatory effect, although it is not clear if the inflammatory effect was the primary cause or reactive. The cases with eosinophilic infiltrates in the biopsy also raise the possibility of a hypersensitivity reaction. Some have suggested that the toxicities of idelalisib may be mediated by auto-reactive T-cells due to inhibition of regulatory T cells by idelalisib (16), but a direct toxic effect of GS-563117, the major metabolite of idelalisib in vivo, has not been excluded.
It remains to be confirmed in post-marketing studies that idelalisib is efficacious, safe, and tolerable in patients when taken for an extended duration, i.e., 12 months or longer. The optimal idelalisib dosing regimen for chronic administration is also unknown. Post-Marketing Requirements (PMRs) pursuant to the Accelerated Approval regulations include two randomized trials using an add-on design in subjects with previously treated indolent non-Hodgkin lymphomas. One is a comparison of idelalisib plus rituximab vs. placebo plus rituximab (17). A third trial in patients with follicular or small lymphocytic lymphoma who achieve a response or stable disease is intended to optimize the safety and efficacy of chronic administration (treatment duration of at least 12 months). Three additional PMRs were needed to further evaluate safety: a study to characterize the incidence, diagnosis and effective treatment of idelalisib-related pneumonitis and two trials to provide evidence sufficient to characterize the long-term safety of idelalisib with 5 years of follow-up. In summary, idelalisib is an important new treatment option for patients with FL and SLL but more data are needed to confirm clinical benefit and the safety of long-term administration.
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